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Abstract 



A particle monitor comprises a light source (11) for emitting a light ; a transmitter for transmitting the 
light into a space having particles over a wafer in a wafer processing system (12) to irradiate the light 
to the particles for causing a scattered light ; a photo-detector (13) for detecting the scattered light or 
luminance to generate output signals corresponding to the intensity of the scattered light ; a signal 
intensity judgment device (14) for receiving the output signals from the photo-detector (13) and 
comparing the output signals with a predetermined reference value already set in the signal intensity 
judgment device (14) so as to judge whether the intensity of the scattered light is higher or lower than 
the predetermined reference value ; and a display (15) for at least either displaying intensity of the 
scattered light and luminanc e and distributions in intensity thereof or displaying distributions in size 



and the number of particles. 



Data supplied from the esp@cenet database - 12 



TOP 



1. A particle monitor comprising : 

a light source (1 1) for emitting a light ; 

a transmitter for transmitting the light into a space having particles over a wafer in a wafer processing 
system (12) to irradiate the light to the particles for causing a scattered light ; 
a photo-detector (13) for detecting the scattered light or luminance to generate output signals 
corresponding to the intensity of the scattered light ; 

a signal intensity judgment device (14) for receiving the output signals from the photo-detector (13) 
and comparing the output signals with a predetenmined reference value already set in the signal 
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[ if 5^311 ] mw±. 

l=^*t7t^y • vf--fi- ( i n-s i tu) 

!f#iti:t--l>ii5RiI 1 ~3c7)\,>-rix*^twiet!ic7)7N°— r ^ 
[000 11 

x-f :7/P^3t{i^Oli)IB#:Sr-f v ■ v-x^ jl— ( i n- 
situ) ■C^-:^'-t. rn-tr^^aP^iOyN'-f-^ 



[0002] 

^Whmam LS I Ol*SP§T'c7)#S* Ot::*^^ 

WmiOit«*^'^IHJ-$r]R D ffi-r^ i: J= J; T ^ffi-r S^r 
[0 0 03] hZ^btfi. ;ifLf>(7)^^<^Um.X'\t. LS 

o^f 0 55: -SCiSO. zcofzuht. n-y-^ 

9)V^i^^i'h:.bifimmk.-^j:'>X\^i>, 

[0004] ^zx\ jLmrrmz^^^hmiy o t:, 

[0005] v—^itw.m,zx->xmm.cr>n-y' ^ ^){. 
im^-ti>iom<r>m.^tmtLx . mt\mm^3-3 

9 6 3 S-^^^gtJi. f4^@*^0 . 0 7 ;Lt m],:iTT'^5>.5. 

LTMI^tc^Sr^iaaic-eix-f ix 1 fll-To^ltJt-^i^-ii-T 
2flicOS7eSt. in<b21iiOg3fe§l(ciiiggtTigtt^c 

^•5t>. '^^^^Li-zLt^-^m.^ntx\-^h^^m-^(r> 

tatim'^cooib. mf^^ih-^tiitim^<r>^^'MiRLx 
?>:^^y:f'mmmx. x^^hmn^m^^si^m^^ix 

[0006] fi4a3fe*«^^i-tt;^j^LT**t-St^* 

mit vxii. -35207 7^■■i^m. 

3 9 7 2 1 -^il^fgcoieaAmBSSixS . tti 
■fe;Ub'>- ( G a r y S. S e 1 wy n ) J: 

T:7yoi^'-iJ. ^B9^. 199 1^.^3 48 7 

-3 4 9 2H) ( r:S:ii:i J fcv^o ) c7)iesj*^#B^$n 

l/^'-XiS (Applied Physics Letters) . 1^6 
1^, 1 992=^. mi 5 1 OK-1 5 1 2H) ( r:ic 
i;2j i:V>d) <7)|Bai,#Dl$itS. 
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[ 0 0 0 7 ] fiffacoiim^^^— fTtSrfflv^ 

ov^Tiis-r.i.t. ^^mt=!'(r>^^mmLX'^mifiiit 

[0 0 081 ^<Dljmcr>9.Wm.i. mL\t. #A>tcJ:-5 

^X(Jpn. J. Appl. Phys. ) it<?5|g3 3 
^ ( 1 9 94^) «0|gL4 7 6HA^<bL4 7 8WC^ 
^titzmX ( rs:ti:3 J fcv^o ) *^#gS$iil>. 

[00091 

[^BJ*^»^LJ: 0 i:-r-i.liffll ±!et^^lM*SWi<oa 
*>. ±ffii»W¥3 - 3 9 6 3 5-^^^l8t::i5«iiO}$ffiJ4. 

[0 0 1 01 i3^^> mL^^mmm^^z^Lmm-r^ 
mmtamt txit. ±isL^#gs¥4 - 3 5 2 o 7 7# 

\.^t^cr,^,(r)taMLx^ti->h%'m>^^mm'th 
tixmmx'hh. 

[00 111 ^t>{Z. mm^3-39 i 2 l-f-^^StClB 

co3^i®**t^-r c t *-'i!iiT-j>i> . 
[00 121 t^c. ro-fe;:?.^ai*i<7)':7xy\*M±«^ 

CD («^^»*^) X7^5T'SiJ^L-Cli«Sr#l):tra 
*^0lJxtf. -typt'y (Gary S. Selwyn) icj; o-C±ifi:5: 

yh' r^yax-iS. |^B9^, 1 99 1^. m34 
8 7H~3 4 9 2i:) tCiBKSixTV^I.. t-tz. mX<^ 



■y:?'X V^—X^ (Applied Physics Letters) . % 
6 1ig. 1 9 92^. ^1 5 1 0H~1 5 1 2H) tClB 

[00131 ::i^^>co=g•^ci);^;^S'&$^^Tv■>|,f^Sl3l^^o 
nxv^-l.. L*»L^*«^. z.(rmm:\t. 

[00141 :L<r>fzish>^ "^x^N^ffiJ: 0 ^J±^o?£PB^^c^^ 
Tt-f ■S-'N— ^'^I'iO^^^ ^)T)V-S>-iJ^X'm^-fh:L 

S: f JEW tii V ^ 3 ngsd^'ft S , 
[00151 ^■^—'r-i if'/l^co&f^b^com&iM 
^■t^tzMz^ @frMoro-bx4'<7)^Bli01^*"'^<oiJ 
iL^Srll«Ltv>|)*i. ;i<7i^mX'l,i^^-y^^ i^)U<7)-g: 

[00 161 ^'ijt:. ±ie:fciJ;3(cie«i$ni>J:3'5r. 

*^tt^-r-i> £7)10^^^x1 — ■ j^vyi—sf-^x^ 

^i^^Zki)^X't^j:\^, 

[ 0 0 1 7 1 ig«. LSI (O^JMX'im^y'a-t 
mrSlie Of>A>^> 1 2 OS-^gSh ^ixtv^S . L7^c**o 

[0 0 18] tz^b^. m^m^^mx-ii. '^x^n^co 

[00191 L/::*<-5T, *^BB(±. ±iat;^*St45(OP.1 
S^tc^^-C^$ix>ttO-C'J>-3T. -e^Oi&tjti. "^x 
^^±S^B^^:^?^E•f -f i n - s i t u . *> 
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[00 20] 

^X-f^>^fkh. |irK7°n-feX^Si*i*^^><758iSL7ie*/c 
[ 0 0 2 1 ] . *^BJ{i. L S I (Ti^MlMV^ 

[ 0 0 2 2 ] >NVU^1/— Tp^^ffiffl 
[ 0 0 2 3 ] t^, i^Wm. ±K>'N*-7^ 

( i n - s i t u ) ^ y--y^^#^s. tfziimnyo 

[0024] 

[002 5] t-r^^mcomm ■ j^m^&.Tizm.m-t 

>Ui:miii-ti>Zbti^'Jii^X'hh. 7°\:i-tX^<7)^&zB 
[00 2 6] Z<7)i^-^. nmt-th^-^-r- ^ I^MimM: 

r , ^'SLm^hm^^.^z]^ti^d-H^t v-^%<r)mi-n 



[0027] 

I =A • (2 7r/A) * • f (m) ■ a" • N • I, 

• (1) 

fit, 

A= ( l + cos2^) /2 r2 

f (m) = I (m2-l ) / (m2 + 2) I 2 

[0028] S5gL7t^S3te^T'S(t^>r t # . S5tfl«om 

sitd:^ (2) 

[0029] S = vl ••• (2) 

[003 0] S3t^-rJ:atw. rn-feX^ai 2 4'0 

iSL^tSr C C D U -<0S3tefg^*> ^> ^ 1. S3tS 1 3 

ii:fif?c#tt{iia4 . m.^&m^mm 5 iz^tt-^'tup-r 
) ■i-f. ^ ^ )V(r>m^t Wi^&<ommm 6 i^z^-tx o =^ 

[003 1 ] — :^r. •^3LJ\m^^<7)f-<-7'^ 

( i n-s i tu) X'tk^L. Z.flt,if^^^i>^^n^ 

[00 32] ^h\>Z^ Z.ffm'\^^—r-^9)V<r>±^^b 
m.mm(r>^'^^it'k'^--S'—-t^Wii.X\ fJx^cr,±^ 

t.fz\m^<r>m.m^^mtthy'u^:^im^iz^ 
<D:Lh.^:^^-^htK ^tz\tyu^:^mm.<r)m^i^Wi 

%mLX^'<—7-'( 9)VmL^¥mLtz^^ i n-s it 
[00 33] t-^-OiS^T'^Oid^fJirSr-ri.* 

[00 34] ai. Ni, $t>i,Ziil ili^ Tn-fe>?.(7)a 

^iyizimmmm^zX'yxm^j:?>L. mm-t 

SLS I commit J:oTtM=5:S. tfz. f»ro 

[0035] *^B3fci3V^-ri4. SiSbt^l^^S-ii-S/i 
)ib<r>XMl^-'^mmW6X't> o T t ^ NVPX3K-C'35> o T 

'^^i.fiL^*^j)S. f^:^tjca. tfzimy}MiL<7)mmiz 



(5) 



10-10036 



loose] ttz. hii '^(7)Am^vi'^±<7)Ammm 

[ 0 0 3 7 ] 0 1 {i. ^wM<^mmmm<^miS.iyfi-t 
c 0 0 3 8 ] a 1 t:^mti> b . ^%mcr>mmcr>mmiz 

*^T€Av%Ls ^'7>'^^<r)iio{zX^^tm:^j:hm. 

[00391 ffita3t{±S*§§ 1 3T•«m^t-§•^c^^$i^ 
1 \,znm-th<oThixmmmx'h->x^ i v^. 

[0 04 01 dOS^tHl SfcLTti. CCD, 

[00411 sjfes 1 3i)^h(r>mMm^\m^r^&n^ 
ai , Ni , 1 i iiznm-t^^m I i *^mft hixxa o > ft 

[ 0 0 4 2 1 ft-f- 1 fctS^ffl I i<^±ymmzii r>X I 
< I iC0B#(c{i7°a-feX«^c7). I ^ I i<7)B$(cli i n - 
s i t u^v-~y^'^:^-^^-^^—fi'f^cown<r>0i 

[00431 ^fzm^ I <7)B#ra^^-f[:, is^ffl I i^com 

7|i^;i:'2rfl-^^Sl 5T-«^-rS. ^ntcioT^'o 

[0 044 1 tf^. Zixk^nLX. fi-^3^jKf'J^2ffl 
4*»'c.com-^{4. ro-fe;?.^SSiJ<JPI§l 6^tiM4>ti. 

[00451 ^c7)ro-t;?>^gsiJi»Sffil 1 6{i. fi-f^ 



I S I i tCjCtrrn-lrXga 1 2 S:a®Wc*t^-f 
[00461 ^Ji.{f , I < I i<^m. 

mtrF^tix\-^^k^x'h':>xij. mco^-^-r-^^ji- 

comijco^itirmta tx zn^Tt^zmLfz *) mm^n^^ 
imx'^^hXo^z^^t^'^^. 

[00471 — I s I iX'htiii. 7-a-fe;?.^a<7) 

i n-s i tui^V-~yy^l 7 yj<-^ ttzit 

wnm ^tzimm^-txyu-iixmm^-m»±Lfz k> 

•t^. ia^fflii$rl-:>T'{i'5r<1ticfflv^Si:. $^>tc 

[00481 tJLhl^Bfl -f ^'/Pfc J: SffitSL^ 

cr>tfmf^^iz&^\,^fzy'a-t:^mW\m<^ i n-s.i t 

*D«^{i, ftSL3fe^JKO±iC ( 1 ) (cScTv^T. /N'-x 

(>mt?> mn^e.^^ t . co^/Jns- ws-t s t cot-* h . 

[ 0 0 4 9 1 ±5^ ( 1 ) J: d t;. |p1— cOSjSL 

Stl&^Nc7)M;^-^i5-ti-*^'1S^S>-&<OT\ a. N/itfC^ 

[00501 a, N, mSrflaWc«^-t-i.*&Ji, 

[0051 1 :i(r>w.n.^<r>m%nm:fjm<^mM\t. ±ie 

^^2 6cOBir(cSS-rS=l^3t-?l 9{ill^LTttffl-r5 
llliEl/4at*«2 0S:fiEffl-r?.^i:TS>.5., 
:Sti(;3tii1^l3t?Sr[HHK$-ti:. 1 /4^ft««ll^$-ti- 

[00521 il^2 1 ^/i-fr#^cO«3K*t1ScO^- 
n22tK ra-fe;^^ai 2(c»A$ii. rtgPtcfcS 
v\-x>f i?;l'2 3{Cj;-:.Tm3K24*«^t&. cmSr 
|51lKl/4*;S«$:fflV^^lH|!|iE»ffll^ST-(i. S5^1 

sx-mix^ixh'mjm^ \ ( 3 ) x-^six^. 

[00531 

[laii 
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I = Ido(2-Q) - I BcQcos4 <st + I»c2Vsin2ti>t-I ocU s in4 tu t 
I Dc=g3tl6-f-2 6*^^©aii)CDajft (DC) &^ 

Q = -c o s 

U=s i n2ToosA 
V = — s i nZV s i n A 

0= l/4«t:&«cr)l£lCsA%K 



[00541 f 2 6 tCfcttS , WLfUt 

<i, U, V$:^i6I.Wil/4jS««c7)*«|c02lHl 

^ i n - s i t u , U T;l':5'-^ AT^:— ^' D >'^f^ S 
tm^iz. f4fl^SC^,g. aSf^t i n - s i t u . U 

[00 5 61 -?-LT. dcomSB^ffl^a^rfflV-^Si:. 

[00571 ^^oa^ii. Km\>zx->x^^\.fzJ'<-T- 

m(r>^\^tLxmih. i)^hx'h^, 
[00581 -r^i^*>. z<r>mm<r)mmizxix},i. 
wM^'^m^zx^ . -f-tLtii Ltznmmuh t t^x 
^^xoiz^^. Km'¥izm.MLnmLx\,^hJ^-'r ^ 
yMznLx\fr\3^x^^(r>m.v. ^(7)m)^.*^h 

^B:Cr)fiaU^i)^X'^ ^ , —:lf. mS.fHMi}^i^commiiZ 
mm-t6J'<-7--f ^MzMLXIi±mScO i n-s i tu 

[00591 :i<Dmm<^MMi>zti\^x . m > 02 tcs^ 

4. US, S.t/H6t:fc(t-Sai. Ni. 
^mtc;^^ LT S i t ^ h . 

[ 0 0 6 0 1 LT . ±ai LT^cot mm^m^-ii^&con 

^X\ ^^-"r^ i^MzH^!^<7)^±l,zM-t^^^U-^ 
[006 1 ] Z<DXolZ^ ::^%B^cr>mM<^mmi>Zii\,^X 



i: (3 J: oT , rn-feXga<0^®2: i n - s i t u . V 
T)U-}^^ M.X't-iPUy:f-t^^tti^X^i>. ^^liZ^ 

&:^^mmi>z'¥'mLx^<Di¥Mim^x^. m&^tr 
xn-^x^mmx^ ^ , 

[00621 

mi-^<, :^^BMa)mmmiiiiTizmm-t^, 
[0063] Lmm 1 ] :^m^<r>m i.commmt l 

<7)^2-mmW.3 3 2nmX''^hiXh^^^<^mn^&<7i 

< ■^)vmibw^m.<^mi^imsi<z^^-t. 

[00641 M-r -f ;?;H^S^^$-^-SllL^ftc7)^* 

i = 20nm. 32=1 OOnm. 1l.fz. Zit<^Wi^&^ 
Ni=109H/cm3. Nz= 1 0«fl/cm3i; aj 
i:N,T-^tl.|gl,. a2i:N2T';^^& 1 2Sr. HSIC 

[ 0 0 6 5 1 as sr#B3LT . fficsiit^js*^' 1 1 xmt 

[006 61 A:/:: li J;'5t>'^#<. 1 2 J: 0 t/h$v^i: 
[00 67] ^LT. l2J:>3t:*:^v%:^-^l3(±. 

[0068] 2|s|iMfiair«o«-^cocitix. at;fra-fe^^ 
m.\,zm-i,%\\W5^^mi^m\^xmm'ti>. AMi-tz 

1 , i: 1 2«ffl{iii-^3fi^*'J^^ 1 4 LTiJ < . 
[00691 ro-fe;7>.gai 2<r)imifiB:<^'^~7-49 
)Vifi\JhA.)£%^LX\^tc\^b^\,zli. ly—ftftmi 1 

*|J^ts 1 4^ioet)'g.fi#gfiSti/h$v\ c:c7)fc #c7)fi 

<±7-n-feX$iJ1«Sl 6W5;t4>fL|,. iLXm^^^ifi 
1 1 J: 0 v^cot:-, 7*o-fe;?.J^B 1 2 icj^ LTtiM 
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[0070] ttzim^mt^ 1 1 i 0 i>±^ < ijct 0 1 

t^mz. 7°o-feX$lJ»fll 6*^^ i n - s i t u D 
--y^^'^ll 7c7)#I^I5:^:^'W^V 
ill.. -!-c7)^*, 7'n-fe;^4'<73'>x>'NcojQ;aA^*^7i"-& 
tnF^^UfX^m'^tiyyX-^lzX^ l n-s i t u:? 
• J - - y^mjhfi. rn-fe xga 1 2 «±7CC7)IES^:K 

[0071 ] 'et-C<i-t^S*n2J:0i>:^#»'^t^t= 

[0 0 7 2] Z<7)Xol>z, iJtSbt3fi«2r^:-^-L-C^ 

[0 0 73] a, = 2 0nm. a2= 1 0 

Onm. Ni = l 09<l/cm3, N2=106ffl/cm3t 

LtziiK mm^m.'^y'^'^:^^mzmtxziih<r)mii 
m^j:^cox\ ^ti^tico^^iizmtxztihcomti^^^ 

10 0 7 4] tfz. ^mtmm±. m^^&m^^ 1 4 

*^<^cOfi-f-*<fi#«*§ll 5i:ra-b;^^S$<J^tffl 6 
i:tCT^TtTfK;t^n2.fflfifi:lw^-:>TV>S*^. 112 tc^ 

1 5izmt^ti. fi-^«*^i 5*^^,ro-fe^$wiii 
d-bximmm^m^^i 5&;^-cro-b>^sijpsii 
[ 0 0 7 5 ] ^^mmmxti. u-^mi^mz 

L T V ^=5rv , p-if^Tifi® 1 1 com^Wmcn i oT' 

s>-i. ]y-^^?:^mmi>z^-thm^ii^m^-^xiii\ 
•c«'r.|.::t*^'T'#. rn-fexgai 2i*iw\--f-^ 
[0076] 2 ] ^^m<7)i<ti(^mmmt t-c, 
V Si Bj-r 2. . EI 9 i,z:^mm<^-m^^^^ . 

[0077] r3\i3®l 1 «S> YAGl^— tflEffiHi: 

^2iswsr^ffl^^i^?^3t^iSB^BS:-i!-ow— fiia2 5 

i:(iife^^2 1 tr-k^. Ccoffl7ti^2 1 ^rSiSti^^rf^. 4 
5- <7)iIilH«7tt:=3r-5^>:jft;R5 3 2nmcOW— ^3^2 2 

[0 0 78] 1/-- r3t2 2{4, rn-feX^a 1 2<7)|*)gp 
^c^#3St•C^•>■i»'^•-T•-f ^'>'W2 3(cJ:oTiXi5L§ixl>. 
li!5L3t24{i. -^3ajgTIl!fe^l.lHll£l/4}S:S:«2 



>t)\^^i}m^^tix\^?>^^m=¥-2 6iz§m-r^. 
[0079] T-^mm^27X'ii. tfeinmcomrs^^t 

[0080] ^^i^,Q. U. V*-i^. ii5§l3t3$-ShS5a 

[0081] M'— r -f :7;H^S^A$r^-SilL:T^^<0^ 

1 = 2 Onm, a2=100nm. ^ /t-5-iXC0^S?.S*N 
i=109ffl/cm3, N2= 1 OSffl/cmSti--?), 
[0082] ifL^><7)^ffifcT-^*!!SS2 7T'®ai$ 
fl.S.gtlf*m*>^5, ai. Ni. mT^il^^li. aj, 
N2, mT^fciS 1 2^:12 1 0t3S^-r. 

[0083] v'N-T^ ■7)V<n^^\<zx 'ixm&imi\:,L 

01 0 t=:±3V^-C. W8Jia2P«7)ll 1 , t 1 jji, m<50^ 
5Mc7)^'(l:t::iC t t^-fk-f ^ . ^—S'>m.^ 2 7 i , 
m. a. N$rS:ai-rSOT\ l+iOtfO^B^ji^X' 1 1 . 1 2^- 

[ 0 0 8 4 ] H 1 0 ^#BB tT , fficSL3t3fi«*^' 1 1 1'^ 

[0085] ^/s. iiJ;'9t:^§<. i2J:'5t/h$v^ 

[0086] -?-LT. \zX^hiz%^^m^\,z{t. 7^^^: 

[0087] ^mmmizmfi, . fi^ogiEix. ai/^-o 

[0088] S3t#s 1 3 *>A,<7)(l^{i:7-'-^3!!!.JlS 2 7 

<0^1a. Stff*m*^ Wf-^SiJ^maj^ix 

I., 

[0089] JMLt: 1 , t 1 2OfflS:^^i6§c0tCje^ 
^5:. a,. a2. N, . N^li. fUbiS^^^n^^ 1 4 l,Z 

iasLTfc<. miffmm(DmizMLx , \iti 2cofflA< 

[0090] ru-bxSBl 20^^,^>'a< , ^^-7- < 

S^tll 3, T-:J'3!!iJI^2 7*-4>m-f*'J 
^Sl4A.<ogi3l.fi^5feS(i/h§v\ zcr,t^(r>m^ 

■f-«*#ii sizBti^tL. ^s^ixi,, mmz. ;icr>w 
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[009 1 ] tfziS^^mti^ 1 1 J: 'Oh:k% < 1 2J: 0 i 

•StlSlB^t::. 7''n-feX$iJ«l 6*»^ i n-s i t u:? 
'J -^>'^'§ff 1 7 (^ifm^i^ yfM $ -tt-SfiWEX. 

[0092] ^iOM*. 7°o-feX4'c7)'>x^N«03iaa*^'$^ 
T-f tNF3;yxS:fflVi;^^7''5X-7tCj:l> i n-s i 
t u ;5"J--y^*^'^fi:'ii. 7-o-teXiiai 2li:7C(50iE 

[0 093] ^Lxm^^m'^\zxr>i^^^^^h%^z 

a-trX$IJffllS 1 6 *^/?>^->N--;^-;Ufflffihfl 1 8 c^ff 

Ji'r n-fex Sraii!-^ 1.*^ LT v i: I' t^ti 

[0094] z<r>Xo\,z. mn.^^i^^'t-^-Lxm 

7 >f - -y Sr *-(t i. c: t i -:- T . tm<r) y^^y-? 

[ 0 0 9 5 ] ^^SHJlJ-Cli, ai = 2 0nm. a2= 1 0 
Onm. Ni= 1 09ffig/cm3, N2 = 1 OSffl/c t 

[0096] ^tz. *IIS£CajT'{i, ft#3SJKfl^S 1 4 
*-^cOfi-^*-'fi-^«^j^§§l 5 i:7-o-feX^a$iJffllSS 1 6 
ti>z^'^VX\^thixhmmz^j:'^X\^^i)K HI 2tc 
S^-r i 0 ^z. fi-f-5tS«^S5 1 4*^'^tfOft-^*WlS^ 
S 1 5 (cfex. fi-^^fl 1 5 *>^> ra-fexSiJPS 

1 6^^^iW^^i.<?>^^i.lffi!^t#i.<i>i^l.. CicoJ®-^ 
ti, ro-fexgie^A^fi^^^ggi 5$r;2*^T7-o-bx$ij 

[0097] tf^, *iiMfi?yT(i, u-^mt^mz 
^su-rv^^v^*^ i/-if3K?®i io«^s*oio-c 
v-^%^^mi(.z^'thm^^im^^ix\i. 
m7t^JSi02iX7c. 3JX7ce<j^^j-^&ft-^*^si 5 
T-ay^-r c: t ^^-c-^ . 7''n-fexga 1 2 rto^t-f - ■< 

[0098] mtm 3 ] *^0J«IS 3 OHife^Jt L 
^^Ui^Ur?:^ ( P o 1 y-S i ) <07'7X'7CVD 

iz^^izX'^x^it-thzti}mi^nx\>^i>. simk 

^C0±^ $**7 n mc7)J: ^ iziimniU—frnzMLX 4 

8 0 c m- » ffix:t^;Ud{-'-«!|{c ^-^yBJcSLTt**^^ 1 1. . 
[00991 ^f4^(75;*:l= $ *^'8 n ml::^^ t r fiO^^-fb 

l:{i4S Scm-'t:, 1 0 n mlC^^ i: 5 1 0 c m 
-Hi. 1 4 nmtC^St 5 1 7 cm-'tC^S. 22nm 



fti. ^^Jl-:^S i i;|i]t5 2 0 c m-U::fflfJ$fL^. 
[0100] -e^T', HI 3 iz^-tJ: 0 (c, 't'U i^U 3 

ilSmSrtfctc. 5^Slii: Iz^rlSSL, 0iji.{f 5 10c 
m-i (03$H*<, 1 1 J: 0 ^ t{i•^^•-7^ ^ i^^l' 

tCj;S^^li?&±t=$rV^*^ 5 2 Ocm-ic7)3$^*n2 

-X'^^:iki>z^j:?>, 

[0101] 01 t^L7t7'n-fe;^^Bl 2*>^>0^- 
7* h-7;V^r^-^^-*»^^&S3l£§ll 3T'S{t.2.. 

ft-^3S«W^t5 1 4 izmt hlxh . c:tfO^JSSt::{iJia 
fibs 1 0 cm-» t 5 2 0 c m" U;jS^ tt I 

[0102] y'u-{z:x^m. 1 2£7)^m**A< >'^•-X'f ^' 

^1 3*^^>fi#3iSfiJ^S14M5;bS5v>liSL<7) 
m-^5fiJK«4/h$ V^, C:c7)i:|iC0510cm-' cofg-^^^ 

■fexsijffllgl 1 6 icfEX . fi-^S^m** 1 1 J: 0 t>4^ 
$v>(7)T\ 7-n-fe;^gai 2lc;*tLT{4Mc07 >f — H^'N- 
[0103] ^/i510c m->i50fi^3SJK*^ 1 1 J: 0 t 

< 5 2 0 c m-'co^il*^ 2 i 0 t>/jN$V^i: ^3 
{±. 1 0 n mS^O^N'-x i^/L-A^'it-fl^ UTfe 0 . 

h . c: «7)fi-^^;K<^fij^i^m*>'(t-^a^ 1 5 
iXl>t^^(-, 7°o-fe;^$lJ^Sl 6A^4> i n-s i t ui? 
U-->-i/|gl 7co^^i!i5rX^>->'N'-f ^■ti:i.fi-§-AJfE;t 

St BC 1 3;?5r;^SrfflV>/tr5X-7lcJ:^ i n - s i t 
u 7 'J -- >'^*^^Ti?^^. 7'o-fex^S 1 2 (iTccOiE^ 

^^^mizm^, 

[0 104] ^LX5 10cm-'i:5 20cm-ic7)M*r 

j-i-^^i^Mzx^^^^f}^mit^tit. ^<r>z.kifi 

m^mpfm 1 5 \z^.^iih b rn^iz. rn-fe:;^$ijffli^ 
1 6*>'c>3^■->'^'-5^-;^fflflf±#|l SiO^^S-^rJ'WN' 

*i^-r-5.A^ >FA**%itTV^4i:^t:={i:7-n-lrX^S 

1 2^^±t-C^->N'-*-;l'S:^Te. 

[0 105] Z(r>X5l,z. «jSL3t3SSS-^-:5'-tTiS 
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7 ^-b^N'-y^Sr/ij-ttSCfcHi^-r, ^m<7)y^y:S^ 

[ 0:1 0 6 ] ^mmmx'ii. m^^mm^^i4i}-h<D 

t-^r'a^xum^ 1 6 [zm^tfi^t t>ir.^m^i^^x. 
[0107] t.t::^mmnz}i\,^xii. u-^'mt^m 

[0108] mmm4 ] j.:AJi<7)ii}fei5ij-c'{±. ai* i^- 

-rate St t T «l:fir 16] ^ v - U -Stg L3l£ i 7t ti 5 V 
Sbt 2: miPJl t T V ^ . Alt 1^ — 9-'3t«i^ NVPX^tTSi X 

i.'^^x'h-oxhMa^'ofz. :^tmx'ttu—f^t 

LX. S^iS/^V^X7KSrfflv■>^%^^^ov•>T, 014Sr 

[0109] l^-f 1 1 {±1^— rJtJi: 1 0 P s <0^- 
— r>'^V^X3t^liflt>'^V^X^— t^'5t$^^PB^W^^^*i■ 
mA^ti. ^^-"r^ ^^MZi-oXRM^tiX<^^Si^ 

[0 110] ^<73S3K5I1 3<±s ^^=Sr<i:tA*f^— f 

%S5n./::B§p^s:S2Pi- i.x^^i,zmm-thtv(om 
m^mm-t^^iti/zx-ox. ra-fe;^^ai 2^^:^^ 

[0111] ^3tfll 3i}-(:>tii:h^tlty-'-i^ii. 01 
I.. 

[0 112] /'N-T-'f #^cOt5ta7fe^N' 

[0113] Mllif-r-?>^-1f3t<0>'NVU;^ig*<l 0 p 
mzli. N2^'i'<7)m^i 5 OOmXs ft i.t^'^li 

[ 0 1 1 4 ] t d >'^-r -f ^';KOSi*iC:fL£0 1 

oum&h^t-thb. -ecoMiio-z^t^o, 

pmJaJifS)^. 



[ 0 1 1 5 ] H 1 5 tc^^-r J; 0 i;:, ^mtmX'li. 2m 

mt^h(DW:fi^^vuxm.t Lx 1 09fli/c m3 

•i)2x 1 Qi'll. >'^V^X^Si: LT, ag2 0 nmCO:k 

[0116] m2<7)m^mi±. 1 0Hi/cm3t-i^jE-r 

I. 2 X 1 O^ffl. >NVUJ^5fiJgi: LT , Sfl 1 0 0 n mcO 
■:k^^lzi(jm-th^S. I zT'S)!.. 
[0 1 1 7] H14^#H5LT. ft#^.KfJ^fll4K 
i^J6IS^$ix^c2a»i7)^^»c^LT. Klt§ixT< 

^ixT. ra-fe;^ili:i 2lw{iM07>f-hv<-y:?i,A» 

[ 0 1 1 8 ] m 1 mii^u^i-a±. m2<Dn^u^\^ 

aTX'f>tHi, i n - s i t ui? U-->':?'tsOf^Sr 
Si:in-situ^'U — ->'^*^^Ti?fL. rn-fe;^.il 
[0 1 1 9 ] SI2<JDfiJ^P'<^>'l'?r^-t%&tc«7r 

[0120] dOi e (c. IXSl3K5SS5r^-^-LTS 
7 - hVN' -y :7 5r*>(t l> t J: o T . ^a<50y'> V:^' 
[0121] *llifi{^JT'{±. U—U-tifijKSrfflS-r^ 

[0122] t-t, ±timm2X'm,^MLfzJ:diz. Wl 

mtJtm^s^m-ri>ijmhmmx'^h. zi^m^iz 

Ji, H 1 4 1 3 «#3S«f JSH 1 4 oratCx 

-:J'j)iaf§2 7?:J¥A-m{?J:V^. 7-^^m.^21cr> 

mi\i. ±Mmm2 x-m^^ Lfzh<r>t nut §ixi. . 

[0 123] 

{i-eOHulBf*$: i n-s i tuX"^—9-L. ^:cJ\(r> 
[0 124] 1t.fz. *l%BBCJ:n(4\ ^-■S'-f-'^i: 
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[112 ] :i^wm%%'mnn.z:WMhfz^(mx'h 
I.. 

[07 3 tS:TSL3t<^«3teM*f*&^o«fiS;®t;t:0f $>^. 

[09 3 :^wmm2cr,mmm {miyt<r>ist/tmviim 
[0113 :^^m<r>m2cr)mnmi>zi5H^m^<^m.tLt: 

[012 3 *^BJi7)SI2c0^ifeWt-ij(tSfi-^<^»5ixc7) 
fl!j<O0!l Sr^-tT'o -y ^ 0T'*> S . 



[013 3 *?&BJ(Om3co^]!ifei5iJ?:iMBJ-rS7'ci6<7)0t' 
TKUi^U^y (poly-Si) iSf4^3&»<o£^5 

[014 3 ^^mcDmAcomtmicoWi^^^i^'tmx' 
[01 5 3 ^vvx^fL^<Dmrs-i^mm^m<7>wbmx' 

[1$-^<7)8iBJ3 

1 1 U-^^M 

1 2 yn-{ixim. 

13 S3tfl 

14 fl-§-3*JK^taJ^§l 
1 5 ^g-^^^^^ 

16 rn-fe;:?.SIB$Wt& 

17 i n-s i tu:7i;— -^-^/S 

1 8 :t-.'<-*--'Wffi<?itls 

19 mt^ 

2 0 IsI^l/4M*« 

2 1 mye^ 

2 2 U—fi/t 
2 3 VN'-f-^i?;!' 
2 4 

2 5 

2 6 

2 7 ^-^mm^ 



[01 3 



[04 3 



17-- 



1 






i n— 5 i t u 













X 



-12 



J — [ 



-13 



16 




^<-T^ ^'^UiiLil {arb. units) 



(11) 



*f^¥l 0 - 1 0 03 6 




[03] 



•15; 




18: *-'<-*->'l'ffl»4hS 
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[116] 



[08] 



J 

■r 



(arb. 
units) 



Sec a? N— I 




^^-'r^ ^'vWSSCarb. units) 



10 100 
/<-7'^ {^JU\^m { nm) 



[07] 



[01 1] 







z I ; w 7c -r f / 



T 



(^^^20;[9]fil/4iStS^ 



17 



in-situ ^ 



"T 
n 



18 



-12 



] — : 



-13 



-27 



7 

15 



~~i — 

16 



(13) 



#r»3¥l 0-1 0036 



[09] 

2 6 ; Sfc*3S^- ( 



13; 

11; U-i^Tt® 



L !l 











2 5 ; U-1flKfi' 






1 


















21 : 




1 



12; :^a-bx^a- 



1 9 : 



J 




2 3 ; 7--f ^-11' 



2 2 : y'dt 



18; :^-^<-^-''Jm»it^ 



-16; :/n-fe7.^® 



■17; in — situ 



[mi 0] 



tlll2] 




10 100 



T 

n 



-18 



"12 



-27 



"15 



-16 



(14) 



0-1 0 036 



[1113] 



h 

: L 








{ 

12 





A50 500 



550 



[014] 



11; \y-^^m 



18: :t~''<-^^''Jm»]ti^ 



^15; a^^TTsm 




16; ^D-fe;^^0| 



17; i n - s i t u ^' i; 
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[lai 5] 



I2 






n 


, ki 


i.AlJ 


Ik . 



0 200 AOO 600 800 1000 



^ ffl] CPs) 



